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il«MPttt X7, 1919 in ^m^^Xmt ^l«»i>«irl* He fyMttiit«4
frcm hii^ t^h^^l At 7a^JB«««Il, 7«mi<»«ft«t in 1036, lUBi
v«« fiipr.olnitd to th§ Um^tkl ko*hAmsf la it39 Iqf tH* ^o-
3Pttt«tT of %M ^my, %ilt ti^er« l^e wmm m&tiViB at »
99«|MUiy Co«Muim4t3r eii^ 1b nt^l^tlon, wifiRlng i#tt4i»ft
In trn^k, ero&w. coimtty md wmimnimg^ H# griMliidted
ffiw %h^ I4ftvii4 il#iMlttifiy In tlutt# of 1943 « l^nting tb«
««jr h9 #ft« ft^tlofi iMi ft IMitdi* Torpedo Bomt i^adir^a
^oMumdet in tli« South «ttd 3oitt&ir*at I'^^lflo ^rtat.
I«Gt#4 for & thx«^--7e^r Mmr^X poster^iAoi^te oouri^o in
0&«Rloml Enfimg^ring, tl^« iast two yii«ri of i^l#i
voro sjpNiiit ftt Ooriii^ll UnlTerAlt? Hit suijor 0itbji»ct
vai OhoMioul Higine^rlng $ii4 lii« wliior iM%>joot «&•
Miii»l«tr«tliro S^gl)io#rl«m«

tbi« work va« uitcl«riiUE«a mt th« «ttgf«sti^n
9t l>r. Ch»rX«s 0. nuking of th^ a«lieol of CliMiioia
ittgiiMsrifif » &&d w*« earned oat mnAor hie tupojTiii-<
ion, Tho writer vif»lie» to ^npt^'SB hi% mppreolfttlon
to tt0 WiiMlittf for i»ie ineplrsttiom a»dt odTloe* The
writer also wieliee to wxpfnn iile ap|»reoiation to
^tofeeeore C* ^« Maeoa amA lk» s^o^ulti of OoraelX Un«»
irereity.
2ixpreeel<M&e of afreet atiofi «tlifO go to
0»l»t4!biii H. h* B0^iMm m^ ttTi. P« ilaXlee of the Ma*






i«#4« tot fmr%hmw liit«»tlgiitiofi %2
4pplieiLtidft 9f i^ibtfgif'* Si
Ml^ii»lir« fllmn 49









fhm tkiwtory of a4li««lv«8 priot to the
tfr#BtletJi otntury da^l* larr«l7 »l%fe aiilaal aaid
tlih glass wMoU w#t© u««<i »xt<ni«lv«ly *s 4MirIy
y«Xo|)a«ii% of enfteln audi bX^o4 gXue^ wii« k t^m^rk'^
aL^l# l!ipfov«fiMi»t «>v«i' aal 91.^1 glu©« i« the way 0f
W4k%0t 7«9lftt%nC# (46).
It 19 tignlfleaat that ad)i«9iY«» weT9
fl]r«t lntiro<Ju#«d to this country by tht furnltuyt
industry about th9 y«4»r X80d* ll«««iig« th«ft# i4lit9<
|v«d li04 vtry poair r9ftl«ta»9« to 1»otb wolttuyt «»&
fuitguft »%tmcikt %h^f wnm yt|^fi#€ a« Inf^TloT mih**
•tltut«« for othty methc»de of «»94niliXy. D«tplt9
th# l»f#yloyity of th«ii« adl^«lir«Sy tli«y« wmn »0
f?#ftt liif^roir«««iit in propertl^B n^tlX th« a4v«»t
of «yBth#tle r«elii« juat pwiov to worXd War XI.
tli« d«T#X9m«iit« Im «iiM«»iv#ii duylmg and «iliio« th«






Aili«siv« boailliigiii in Itt mfti^A foms, is
tcKlAjr tb« Mo«| g«iierfltllr v^td wi^o4 of jaining «a*
t<itiale« It li«i« b«OQ«« &• iffti^rtftat «» a«<i«ii\!ily
«tttio(t as wttXdi&g^ bolting, riv«ting» oir tolderlng,
A widt latitude In 4€aigii fe^tui:## lui» 1mi«Si iUMmr«<i
hy hii^ly ^rr«l0|MNl \K>AdiBg t#<j^iilqu«t tliat wrnlm It
l^ftsible to Join i^lMOttt id^ two «oXidii.
1ti« adlieiiv® ii»iumtry, wliile tsot th«^ sQfit
gXaoorous, is, n«ir«rtl^«l««s, n rrnxf •»$tidti.&x x^
tr/« th« $]riith«tio a4lie»ive[i r#pr«&«nt one of tii«
•igi^fleant C9li«»ieal a«v#lapiMiftti> of th«r past t0»
f««3r«, 4»d »«i^ver iiov proiY«9»ii to %ixvi point of M|^
produotion aratftt.
thu ^U«ilir0 IMuffttrf ii t^« tli^lrd largOftt
tflnglt u»#r of rtninous p^Lattlo WLteirlaXs^ being n%^
o«e4«4 only ^ prot&otiv« ooi^tlngt ««ul »olding-oa»t-
iftg d«wft»4«« TUft a4k««iv« induitry i&lao accounts for
«PI»70xlttiit«lr 60 per <?«at of the U7«ji sixid iMslamlno
f«ftin«. In 1946, tho MonthXjr production of |^«fioUo
%dli«»iYt» «iiromg«d 1,100,000 poandt md %h% uroa and
«i«laiiin« id^a«iveft« oo«bln«il, ^ivitriKgtd ft)»eut 3,000^000
poinds (10, 33). tfe« figaar«i for Xt47 7epre««nt a 13
p^t aont inortno* oir«^ 1946
«
TiMft a«o#^taii<;»« of ^li«»ivti» foar ftt]r«»« <mt-^
rying features of oonetTvrction is olw^rly indioatud
iw A
l'':j-.i>
h^ J v.v 4 .-•« : ',"? A y ^j A .IV IJ T^ ''ZiF
3.
IB irrt««ftt tr«n4i« (6), mioh &• In %hm fA»t«nlnr of
Attto«»bll9 tftmk^ Xlningtt ftnd m» In i«iunr«l airoi^aft
ooMttruotloA. Ttirou^fb th« proper aipplle(»tion of ««**
t«rlnl» 04kP«l»l.e of ttoatlag tiM perfof»ftti«t r^Qulro-
acttts, »dll«ftlv«ft vlli >k^mkfm their propor pXao« In %^
in^uttrlaX ploture. Alreax^y ^rntUotio a4heslTe»» liavo
tofl star 114 <& fir«t W brldglniz tiie gai^ in ttetal-*to^
ftOMM»tal bombing
«
Hu^li of %ld» industrial progr«»» Iia» b«««t
•mplrloal, r»t^«r tk^an noliizitlflo 4«v#lapii&nt b^s#<l
OB «oll«»grou»(i«4 tlt»orir> tt»ii progxoss 1« •till b«iiif
lii»d«ro<l by %h% lL»ok of tft^iicliir^ljiitlaii imA flot«ll«4
laforffiiktion. todAy tliiif In^ustr^r In al^esd of resAnroli^
iOii^ fii,rth«»r nmm <l«Y«lopMieii% wtiit asait tho iR(ivi»ao« of
fUIMl«IB«fltal ltlV«»tigAti01l<
fh« pr«««iit ^al i« HA teofioiidodlly f«ft«*-
ib3.« aiili#»ivo for ^mtf «^pXlo#tioti 4#fi«)[idy oi^ftiljr
for«MMl a»4 d#}»llft4, tii^t li€(» i>fo7ftlo«i prop«rti«« at
Itiittt «ift strong a^s the ttaterii^ie ^iBH boM«<l.
For « lietter underetafulliig of %h^ %fp0& of
ail^«»iir«^«, m el«ft»ifiecl outline Weed on ch««ml<!al or**











f«ly«»ti»T rtalat (aXfto nlkjrdA »iid ikllrl*)
FolyvinyX ohXo7ide««.oetiit«










HatiuraX ^r reclaltted rubb«y










»fiPlfAiiM jg^ iMMiOKk ISOti nttuifl
%w.-i^
s.JOi? 'T






SklMiMA Stl DMi 2lMkM








iloiAifi Mid hit Bfitieli oo«^orl(«r8 hmf d»iM
ooiisid«r<%l»l« pl9ti««ir wot% on tli# theory at iulbffsloBi»
?hl« work baa b#<R olo#«Xf p«r«XX«Xad md •xt«ii4«4
lO ^i« O0iMltry bf a?o«»e ftiiil ?7aux at the t%lt«d
itftt«t ^»>fi»«t r'rcxiuGts l«&b07aior/ in seort rectnt
r0»t9 th« «^Hti< ffa>H?o«iiitt«« OS a4li«iilv#t mn& tb» 1a*»
diistrlt^l r«i^«sreb Xiibc5rat?airl«i« b«v« eaTTl^d on tb«
inreengaitiaB. . lJiifarttiG.-»t#lT aaicii <»f tb# Isdiittrial
if«ft«areli r«»4iiii«i ln«e@fi«*i^X« In tb« «*eT*t filas of
%ht vtrlouc <^i^««i«t*
Pmirlttf %yXa '^«i3P IJ , i. »wi^r of InTotBtl**
fiiH<Hft« <vor9 uiidi>riiilE«B| ibo objoetivo boinf to dt«
olop « O0]Bpl«t6 b^kt7<»uiid of liifoxift«»tlo& on a^<ibei«<^
lT«)!f> Tlio imtk 4oito b^ ^t Ifatlonml MLriis^ty Oofi'*
ttlttet foir Aoronmitioi! «:^uiriDg tbiii period w«ii s liost







»ttYf&e»« «?« %t«Xd t«g«i^Niy ^ intmvtm0i§l f«Ye«» (33).
yMiilftaa tliat Isuiire 1<mi|; b#«& <K>ntroYerftiftl. £«rl|r In-*
ioal 0tr«iiitli obtained tHrougli s^lldifioatlon of tli« a^-
li«»iYft In th« poT«i» of %li« iUTfooot bolng bondoti; they
aldo ouapootod %lk« pt^tmne^ of dioaioiil foroo«« tlio i^ros*
•At t7«ii4 of thought it tomtsd mm^ fmm of tpeeiflc atl**
Hoilon. It 1« qiuit# cl^oflfilto that l^o fliarf^oo forcoo of
t)io ttAtorlftXo limlttf bofidod %te in ikmio roopoot Ixrrolvod
Ift a^liotion* tlio typos of s^hooloa oro mow oonsKloroa
«» woolinnioft^L, fusion^ a»4 opoolflo with empliooio on
•pooifio oiHnoolofi (XS>«
It it poiiislblt that 1^0 o^ar^otorldtloii of
tl^olflo flKlliool^m ^lapXoyod hf r#»lfi« aro ^Suo to %1»m
low «Boleotilft3r wolglit monosoro or oiao^^^^boleo mA t^ot
OoHtalYo proportlOjs of tho flls fofttft4 aro duo to ^o
Mlg^or itiolooular wolflit iioXoou.los. tliormooottlsif oft***
Iftoolvaa* wtio» ouiro^, bairo lK»tli i^eaXI «afl largo nolo^
oul^o,
%$oolflo a^bstloii roqulroa wotting of Xh%








lioslY** 0«94 v«ttlfif and «vl<^9ne« of oh«»lo@l ^ffinitf
mt9 tw» of the x>X9p%v%%9ii ^ith will ladl0ftt« tlkt proto**
9M9 MliMria; of Hi* low »oi«aul.ajr voiglil and iiii3'«tt0t«4
itr li (Miffttii#iit iip^n i^arious fmetort, Indludlngf tk#
<vl«d9tity 0f tilt ll<pl4 »illi^slir# anct i%B isii7fE0# ttn^
•l^n (4SK 1%i# •!»»¥# It «^ hypo tilt 9lty aad 1% ie imiU
t9 tim^mbmt tlist tli« |»ir#|Mif tl«ft ^f ffiNittlfle ituilbftsloii mi'e
fi^# iskh^rltfi ^peeiflo fore^ift ti^iali om lis «04|fli4 %|r
At l#m«t f0ttf typft* #f imMli^ f^r^Hfli «3r« iw-
p^ttisyftt t« «i4Ji«gl<»n; th«r «r« i^ltQttoitiitlQt #«Vftl^iat»
»«talXie« mt4 ^mn ^tr WiyftX*® f^ri^et. ii|idti»etitaXlr,
^•iHi f0r0## art «E%fe;i#]i|r ^IfflimXt ta iifMiiilr!^«*» boM-^
tfottatlo iit%fme%l0i%» t^nt #xtst btti^fta «iitfa€#» itisi
nlnnrfttd parti @l#ii.^
Mioagr tiftx^tn eaatiiity lacHRainf At iatrgely a
fMmetloB of a\iirf«ye# 0^«iiifttfir C^» 13* 14)* It Is Iti^i^
tfeat tkm »utf##« #f a iolli nan. dlfftr eoR«lt«?.«kMf ffo«
trim @f mttt«lti mi0h lim^« turfii0«« tlmt #-r« d0irtr«d iri^








turiil <ii»litt«t«« »aar bft lfiitl«.t«d iB A iKtyfatf* by the iiiiprA**
tloa of aotlv* aioleeuX#» leto tki« ftiurfaeft lny^r mid the
a4»orptiott of oontaet »oittttr« or oTg^io Mmtt«f (41l)»
It 1« trtit tl&ftt ir«rioua »««luail«al tT*fttiMnt«, «u«^ «t
gviadliii^ l^li^hing. or ftbraai»g» m^ otang* tUt natar*
of tbft tarfftoik, but it to qu«9tianabl« «« to bow mieh
tblft »ff«oto bottdiiif. It ««tftX io oubllviod on a i^rof^trly
l>irop»yt<l tiiffiiAOi • oxyfttal i^Attoro i» fomod in tiMi tub-*
Hsod fiXtt. th« t»i3rfftO«» of iQOtaXo «r« ery(it«lliB« in
ttfttaro iOMl oo«»lot of mmll biMto witb a number of mX-»
Buto oraolt*, fio9uro«i or fr&lii %oit»i«rio8 of ««»ii <^i«
liontlons* It i» tbou^t tbat tb« IrrefuXair «tr^et\iro at
tbo ourf^eo rooalt« in iidn<^oiiiof*»oou» affinity for aR
oAbosiir^i. txp«Ti!ftOfital reaulto* bovover^ wmila ioilloato
tb«t tbli offoet i« teat np^ooiablo uiidor noTflial eondi-
tioBo of fpurfikoo prepmratioa.
fh0 Hoiiliioutt Froduoto *ad Cboaiioal Ooi^Mitny
found tbftt eortiilfi adboaivoe foriB atroiifor bondo witb
hi0k rul^ner »«talii tbun wltb low valency metAlt (St).
Tliia it €iib«tafitiat#d by Ho^in* 9 work (39). Htb dif*
foroBt graduft of iit#«l tbo ailb«tiilofi «mo poor««t witb
aiXloon et«i$!l»| porbape duo to tbo oarid^^ flln |»ro»«nt«
It la not vary oXoiuf ;)uat wby olsanXinoas it
•0 imr^ortatit to adb«aion*t it pay bo du« to tbe r«>dactlon
in iHitt#bility lniti»tod by tfeo contaKinat^ «urf©o«» or







lia^tloB that r««ult» i^ini %h% solTdiit di«p«rce« tli« oon*
tMilMOfti mmn$ tli* wn^nommrt^ (3, 5).
It i« oonsidftxed that ^a following iire lispor^^
taiRt to ftdH^Aloat (^» 7, 30, 31, M).
1* Su7f4M;« tenftlon of tint adiie»lT«.
3, dkenieal lUiture of t)i» erurfaoe.
3« Propertl«« of l^o o^osivt^
4. tlitoV:ii«ft« of \hn bi^aded fllit*
$« H^ithod of «ppllc«tlan«
6» Solvent 3 i^nd solvent aotloii*
tlio piiysioal i)r9p«rti08 of aidliooiTo bondt hniro
boon found to l»o rolinttd to tlm tliloknoK^ of tuo i«<ihes-
Ivo flln formed, li htk9 btoa •iigi,^«iita<l thut, if iii0lio»«
Ivo filttft «#r« forced from. 100 por oent licizJld sidlitaivo
mwmm%r^ oontalnlnf no v^ol^tllo oolvont, tltc n^pattnt
utrenfth of th« aostmbly i»outX4 be lml€p«ndent of th0 glut
lino tUio^oi^® (8^ 13). This iimo boon piurtiolly oub*
otasttiaterd b^r tbl^ @xp«rii6ontf»l work slnoo it i»;si« founds
in the initiftl otan/S fibrilitotlon, that fil« thicknois!^ i»
iioro orltlcal wlion tk^ total aolid« isontont io reli^tirolf
flio prei^ont tbooi'io«i hurt not boen fo\imi on«









If th« d#ir«l0pii«iit In adhtslvft it to (soo-
%4iia« unint«yTupl«d, i^ntf if iRdvittry in t«» »**»t ^lk«
d«Y«ilop«#iit wniti continue At i^ «.ot!#i«fat«i p«4at* 4
Q<i»pX«t« Iit«ra1iu3rt f«i^i«w iiaaiomtti tli# ii#«t fof 7«^
99»tek i» ^•0r0tle«l |>lMii«it«M, in jK/a^«s»iv« 40tiil&p--
m^m%^ m/ek in imptm^^ a^plie^tion t€ehmiqai»«. 3q»« 0I
tlie t^««ifio ptn^ltai® inf Ittftiioing Mbesion tluit vaummt
0^&«id«¥titi^A iir^t
3. ita^tjf^itatl^ll df fifrt%l;li«ti<i %fp9§*
4. ll#t^o4« of tttiitiiii md. i^p^i&ltai*
5. SxiiPf»CJ# #oMititjnin^- #.M 9#ttmMlitK*
6« Out of iNiXirtntfi .
f • TlJi©kt3«ini of g|y[# Xi»«.
i. M«#r^tl0ii of filiss o» tbe »oliil lanirfsfjii*
i* 03.«»iiimf Hf l^#)it tr«a.tiRg (34).




rs- 4 H iLi, TA




,^do to i»o«i<i to t»9
13.
15. ^f^c% of pfi^tfViTO tmd temperature*
X6« ^ettllHT power of ^betiiree t$M eolvente*
If. Acidity or alkalinity of tlie adJieelTe*
18. IHrreloptfteAt of tapee and fi^Use for Induet**
rle^l applioAtion*
X9* horn te»|>erature etrengtli propertlee of eared
iHituS e •
20. iiftotro'-clepoeitloii of ii^nt^etlo s4he«lve« on
netaie (aa}.
tlieee ure ^nly % fern of the mmnf problefie re-
ttttiiiiBg to Im »de<)uately Imreetifateil if eyntiieilo eil-**
lieeives ure to retuln tlieir ri^tfuX ?po«ltio» in tlie
field df etraoturel bonding*
During the prelimituury iitireetiga%ioii iirrolved
in tkle work, it nae deoiied first to erplore tbe obevh-
loal end tteeHanioel treatment of netal eurfaoee as re-
lated to bond etrengtb* tids pyraisided into & generel
exploration »e moir proble«g were unreYelea. Tbie study
««» imreued »e fmr m» itiwm and equipi^nt per»itto4* tUm
Ittveetigiition wae oonoludod by tbt dev«lopMeiit mnd teef«
Ing of ittpregneted ti^eue filss for iftetal«-to«»etal bond*













I« fli« efftet on tttnAll* utr^ngtli of tun folXnwlng
variabl««l
A. Condltlonn of dry aiKi pr«our« of th# nd**
ht»ivf prior to it^lcliii^ tho jt«»Mibly«
B. Ptt$imx7F» functlont durlnf tbo oura period.
C. MeohanloftX nurfi^oo tromtAont.
IK CthonlOiSil «urfao« troalHMittt*
E* VarlatloB froii vmt^X %o wotal («teel, ?M
aluttldtutj, fund 17 St alumlnu^M)
.
H. ^)i#@iir« oarrtor flliis of lmpr«gnmtod il@«uo
paper
.
3. yn»upporti5d adliofilvt fil»« pro^ofitly in «x*





flit •x«outi0ii of tliiii exptriiMiatdL w9wk iui(mi»'»
•l%at«4 tiMi running of m Xarga niuilHiy of t«iitt, (mmm SOO
•{^•oi«oiift wort toftttai)^ vUloh oomiMi«oa a oomtldoyai^o
AM^iiiit of %im^ ml^kmi^ tlit sialiwiMi wMitioy of i^^ooii^fto
«a« usftd foir oaoli totft. ?t4fi forood tlM» ucio of ft aotlMid
of analyalo tl»«t itould glvo a mittturod dogroo of ooisiiiraiioo
wlt6 ft ttlniiRiMi ftMonst of dfttii ooirmarlnt oftoli vajriftDlo t^ftt
w»« fttudlftd* tiMifto oirounttmBooii Juitlfy tbo uto of s^tm*
tlstloftl ftiijayftis. inio ottd polBt of tlilt ftxptrlftontftl
work would bo ^o ouocjoooliro ollikimmtloii tad dotorwlaatlon
of t^o vm'lftbXOi ftiid eioi bo arrivod mt, vi'^ i^«« dogtoo
of ^ftsuxattoo, onXy b^r tlio oolloetlon of eoftftidorabl/ moro
dfttft*
StfttifttloftX ftfiftlrftlft 1ft thft aprplioiitloii of ftol"*
oiitlfie Kftthodft %oi
(ft) %h9f eonttoX ^asiplisig of a body of mmorlOftl
c|uitmtltatiV9 c^ftTftOtorifttlOft andOTlfiiig tbo
ftiib;)eet of iiuiuiryy
(b) tbo ooi!Hl«neatiott of tbo oi&»«ii%iftJl inioxwm-*
tiOB to ft fftw itft^««fttloftl «tfttii9!tiOft HillOb
f i««LOlIitat* intorpyotatloB irlt]| a iilftlMm of
fttror,
{©) tbft foamfttldn of hypotboftfto fft|^ydlii§ tb«











f ^ n •! ^« •* • ^ «b iW. •."*'.t "ii-l 9 if *
16*
Ittti^it fuiictl<m of tii« unlTemo of ph^m%
•HA for iHiiob th« datUM li only m i»ftttpl«y
(d) the t«itltig of lli«fta ^ypotbe«?«« In t«i^t
of «««plliif prob^Mlltlti and thftir yejcc-
tlofi or retention on tl^e baele of Quallfit^<5
eredlbllAty,
(e) the ¥e<5«ei|^ of old or the dea^fft ejt fl««
0«l»erliiexiti to gatliet data froii i^ia^ in-
fereneee mity ^e dreiim*
The tfm^wamntmX bRnlst of ^t.^itlptlcal asAlyete,
mxA tlie one ut>on nfhieh the engineering etatietielan juet^
iflee it« Ufite In practice » i« th^t useful knowledge is
often empirical. fhl« InvolirtBe & oolMiert of l*:»ow|.e4(^
eia^i^ inolu^es three important coj»|50««nt«, {41), **fm) tiMi
ddte of expurienoe in which the procear of Icnowlng
.^fi&l&tt
(b) the prediction P in terwe of data that oiMi wmU ex**
peet to get if he were to perform oertain experlsente in
the future , ead (o) the dofree of belief p^ in the pre-*
diotion P bi&eed on ^e original d^tm or eone eiUHiery
thereof s» evidenee !•.
There te mich evidence in i^e liters.tore of
theoretleml shesletry ^n& physsies to show that fundm-
iMntaX Imij^ with t^ioh the tnginetr <^emXs daily are eta^
tistlc^I in nature. It mmf be easily de«onetreted thet
eu^ phfeioel i^eniMiene ^^e tentperdture, preiseure^ Yi»«
eOiity» utti #ntrof?y tfrom a aoxeouiar viewpoint) are in




inlUXy, polfitlfig out tli« stmtiiitloikl aatuare at ma^ phih'
mwmtm ne iai« l^owiii«& m&^mm%t^ mmwrnlVn dimttihution
of i^X««uX«ur ir«loclti#^» ^« a»milty of a fluid » iral«« of
diffusion end «ir&po7ii%lotiy 3ra%o» of thoriiia m^ photo*
o^tmloal ro^kotionsy tto.
Controlled »^epling i& tfe« irmry Heart of sta*
tifttlosi aHAXfi^St aH i]PLf«reiioo& bol«^ objootivolr ^a«o4
on tli« orlglttml duta* ^11 qi*a^tltativt dmtm do^orlMnf *
pli^ftioal or oliottioitl ^iront corioftt trow tHo operation of
oat or Moro oftsito** It i« umuO. tlint ^o is^»%»or of
oautos pro<Suoliif mif partiowlar offoot i« emtr^asioljr
XmTgn* tk^m mmmtBi, ^itsh mmyot bo i<loiitifled omI
wiki^ idro iNifoad t^»proli«e(#loB, mro torvMNi nkmm m
tmnAm ooniHio* ^mm omlr tiieoo o^i^ooo uro ot«ri^tl«^«
il^oii t^«f mro imfinito In wmib$^t mi& tli« yftria:blo io
oontiiiuo^ft,. tli« otntl^tiO'il ^lotrllmtiom Ib ^# Wf*
iNkl ounro* tuts ilstrltmtiom Is fosofullr iitiliso€ no
%h0 orltorio]o of ultlmoto faiMloAmtoo*
EofmftXoom of ^o tfpo of isoaiiiroiioiito fiauto^
tilt 4mt^ Hill rmf .^eor^iiif to »o»« tfp$ of iitatii^
tloal distribiitlom* fhmt iup l^o aioiimxrosomto uro ouli«
|oot to tho infl^omio of mm^Temm un^m^wm omt2i«o» ni^i
h^wm^ wltH ^1. iMimtfiirwotit® tliert la usi^oiatiKl
typo of orror*
















40BI set of ob««rf«tlei»i. If « •tti«ft l» foui^ to b« noB"^
tkowit^^neous by t«it. It will b« R«o«s»arir to idtatifjr «»t
y««^Ya tli«ii« IMiYldoiils of tH# ftttiAfl nl^ie^ ^t«t sot ocm^
l^stibXe vltii the whole, or to r»aiOv« thoe* p7ottLb<»r«}it
oaattts Hill ell ar* r««|>OB@lbI« for noa-^«HWi|renelty.
fli««tt txperlaiental datu ar« liiter{^6t#^ tJiroiii^
•HAlyc^ift of vajrl»iie«. thin is oaiitinge&t upon a s^tital
dlettibutioB of Bp^Qimenu^ aod ^iffftrentlettae b«tw««a v«^-
latioa (!u9 to o^aiio« 0M Yi^i&tlon du« to ioae tigitifl<*'
oant varlafel® (9, 10). ilact so attempt i« bmlBg ntilo
to 4«t4v« rel«t4on»lilp«, oorreliatlo« ittm^lo© are not ii|>-*
flloablo. fht cierlvatlon of the foraulat «i.«ed. In aiMiklr^
aliif tli« data, mre in the a.pp«»dix, p6f,« ?2. In a f«w
la^tatiiioos th# t^eiralta ax« Inoonoluslv^o ^ tliie »ettiod»
nad iur# to 4«»ifii%to4$ l» «ii^li oa^es tho oolX«otioB of












MloroseoploaX •xtittlaatloB was uft«d to atttdy tli«
nonlnaX oondltloiii for dxyliif slid iMr^otirlng. Flr»t« iriur-
lous thickne»^ei of ii4h«»lTft on tli« ai«tai irtr^ studied*
Th^ thiok^ir tht flln, t)ie wore diffieult the protolen of
drjriiif. and thd i»ore the emoki «aid ^llntora* tlilt v*s
d«tor»lned by obsfterving tiie drying of liciuid adliieaiTo
film, a, 4» i» 8y lOy j^nd la mila tiiitOc In » i»«rift0 of
potri di8lio»« One« 9t«rt«d» eraiOlElikg i^roooeda vory Tiip«'>
idly unlosft tlio rato of drying i« TOduood iflBWidlatoly*
Tho etartlng polBts in the oraoHizif oir bliatetint f\m^^
tlon as wea^k epote In the eurf^i^oe destruction, Any poree
or irrefuljiritiee iii n fitm aet ae weak spots nhere
•treeeee develop and concentrate es eotiTAting foroes*
Wlieii the teneiXe etrength in t^e Tloinity of the eeelt
epote ie eireeeded, eraoke develop beemuee of the ori**
emted teneion fields* Obeerred under polsorixed li^t^
there were bright ^^isim^m aXong the ereolee and lurouBd the
blisters, indieating interne! elastic tensions. These
inoreaeed in inteneity ae the oraoke and blisters be-**
easie wore prottinent.
If drying is too rapid, or the filw is too
thick, tsany blisters foria. A reasonable eicplanation is
















nbOf^cf tifTiHrf 9T«-r *>
ixo
• To Jk
8(f^ t; . ct ttlfil «lo:? G»itTb
ao«
mxrf^c^», cloalng the port* mnA ttmppinf^ th« r<»«Aicitag
ttoXvtnt.
fht foroea of puXX and prttsttturt iMit up In tb«
iurfftoo^ w)9t«ii th« fll» was too thiolc or the dryinf nat
too rapid, »«re mlt9 olinrioutt ftom %%« violent way la
i^loti the surfaoe was dl«torted,
fh9 PX99VLT9 sutt b« euch that polyimerlxiition
!• net exteneive. If ipoIyiBerlxatloii 1« onrrled t0o f^r*
there Is leee of etreagth at the edh*elYe'«-4Mlheelve lnter<»
face where the mBMmmtfXf ie %ade«
too rapid drying reetilte la hllttere 9M eraohe*
The hearier the filrn^ the aLower the drylni^ liunt he| thue^
a flXii juet eufflol«ntly thlok to prevent a etanred joint
le the optlMum* The optlisiin eondltione were det&rmlned
for eaoh edheelwe, aacl a Xo« temperature dry wae ueed to
reduoe hlliBterlng and to «UKln«te oraotelaf*
It waig foui^ tiMit a huntld at^oei^ere durini;
the drying period lowere the ^Tfina rate» and Kay rei^taXt
la vmaatlefaotory effeote regardlese of how well the
other w^rlablee were controlled, fhle ««y he esrplnlned
by the hygroeooplo oharaoler of the eolvent ^nd the ooa«
•e<|aent aheort^tion of weter, not only n.t tht eurfaee,
hut throughout the adhetlire ho«^y.
yn «5><
» *:*
t. ( iSf-\ ^ /
ai.
Tbtt tff•ot« of $>rftttaur« wer* studied undet the
ttl«t#M9P«» vltb the speeleX fftrraagreftttnt pictured on |Mmr««
32.«3@» nming t*o prmai glaes difton 5 Inobete in dit;^i6et«r and
i»ineb thick. The preeeure ««e applied through ''C* cXa«p»
Imviiig eteeX reinforced cor1( jave, and the teetperetare w«e
refuleted ^ the heated pietene to he de&orihed in oonnee-*
tion with the Metaliogya^ie pre»9e«
One of the beet ilXuetTatlone of pteeimre ef»
fe«t (27) wa® found vhiXe ittvelitigating *OyoXeweld 55«*'9*>
a pheiioXio«»rubber haae adheeiire mamafactur«d bf the Chrx*
eXer Corporation. Thie edheeive, when exaained in the
partiaXXy polymericed etate, and under the infXuenee of
heat and uneven pjreeeure distrih^ition, a^eared to hatre
inwardXf oriented eioXeeuXee vhen vieeed under poXarixed
light, fhie vouXd eofireet either the preeenoe of a per**
oxide oataXirat or of hoop etreeses* (See the photo^iioro^
graphe on page 84.) '^hnn one of the pyrex pXatee eraeked
under preeeure duaring the ouring operation « this phenosi-*
enan wae obaetired in the area iMmediateXir adjaeent to
the ©rack* Xt w«e poeeihXe to reproduce thie phenorn*-
enan under any condition which fave x^nmren preeigure die^^
trih>ution throughout the cure period.
UncJer notwml. preei»ure dietriteution there waa






Jus «.l^'^> ' r*'
i*^ i^v , eq t^»g V I V A ti*
*if^..'- -^Yfr
«::vj' U^ i"^" - . •
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8-3*
orletttAtlon. ^tesl speciaeae in which the uaeTen preft-**
•ur« <21«tributlon vat tvideno^d in tli« f«llur«, gere r««*
dtt««(3 tfttitiXft «tr#aflli» thus Indleating tha InportaiM*
of an «Yenly diitrlhut«4 pressure on the tpODlsen^ duY^
lag thd eure.
In another experlsental application the edhee*
ive w&e apoXled to the pyt9z dl&ce and they^ were a0te««*
bled. Heat «a« applied ^ and eventually gae bubble
e
formed (eeoaplng aolrent). Pressure was applied, and
theee solvent bubbles wexe forced to the edge and ottt
ff0« between the aesemblT* ^ft polyvterieatlon contli^ed|
Aore bubDles formed and were unable to iMLgrate to the
edge beoauee of the high vi&oQslty. i^eeeur« was in-*
oreaeed and the gae bubolc^e were driven baolc into aolu*^
tion. Apparently the pressure Increase® the eolublllty
of the gases In the fluid polymer » elnoe the gaeee t^^
appeared in bubble fora el&en the preeeure was released,
this reversal was poeeible throughout the cure period aa
lonit aa the adhesive was fluid.
Many contraction cavltlee were present In the
various plutee that were cured with little or no t>t^B^
eure. It le ueetk trom tha photomicrograph on page 25
that contraction c/^vltlee reduce the Interfecial area
between the i^heslve and the eurfaoea being boiuiadi this
iiftpaire the total bond strength*
fiji T f»*. ? l-r
^r, • ^ •.•^- ( **
t *». .''
"
, i/f^-* '"^ * "•k k
3S«
tn f^tlli Minother «xpdrlmentAl application, thu
gae««d 1& » v^ouutt d«el0oator and fioir«d bttwten tii«
iSlaot tar eftplllmrr aotions duYinf %hm ettr«r of tlii« •p<o<-
imtm tlitrt ««« ao bubble forttAtioa ii»4 no «irld«no« of
gftge* being «volTft4.
tble mlerofteopioai «aipXorati«in would indicate
%hm% i^eesurft in tfo« eurim?: of ^tdkesive jolnt« ^ttyf^tt
tHe follPvlBf ftmotlona;
l« Infiuree flaw of tikt edkie^lve t^ «11 piute of
the joint
»
3* Hoidii tlio ttatliig ouffmeoe in Ifitlmmte eontnot.
a» Hoduoos t)i« slato and Guabox of oontr&otlon
4. Btduoe^ «tr«sa ooneontrmtlonsi hf iRturing tren
prosmirs distribution.
5« ^eduoos the isonbor of air bubblte i)» the eured
glut lino*
tM« study oleo lodloa^ttd tbat viepor bubbloo
0«ii bo ollslmotod hf tbo dofAooliif of tbo llQuld odhoo«^
Ivo and tbo flowing of tUt «dlfc«»lv« betwooB tb« smtlnf
oinrfooos bf capillary motion. Tblis would roijulre ftoro













*svm mtaaurftt of mm ^trcngifci l6 nfto«9s«rT in
ord«7 to avftlui^td V^9i vstlout propfiirUe» hising r«Yl9ir«tf*
AfteT A 3urv#>T 5f th« uf .f»1i, t«»t nttlio^tt, •fid tlu» woTk
oi •• inT^itigatQxs, it was a«cioed to adopt ten-
sile testing iifi thtt priiiftlT >Mitha<l of «AaXir»lti ^0ttu»«
it giv«« a lNitt#)? tviatXuation of bond proi^trtlirs ^hm BUf
athar dingle tetit met&©4 pre»»atjly in usts, «.uu c^eiui^t of
th« atir^ll^i^ilitjr of t^iuip^emt {3i) . Duting tfce »tand.air<i-*
iiatioii ruii»y wbloh woaeo xiMlo to dtttonftlno tht optlmos
eonditlo»s for bott^eg, %h9 t^nnile totting wtto subJit&j^
ti«ite^ by dou^I® »h0«r tottn. Thjr#« t3rp«» of inotaX »p«o-
i»«iii iro7« U0#d *• mild sttt^X, 17 St aX^iminuii, $a^ 3 S
dluisimimi thft aol0Otiott triiii b^a»ee on l)i# ^f^ilAbility of
mattrial- aiKl tb« dtJiirability of corrolating «iiMi extend-
ing pr«viou« «or'f. Oiroular (li^<» ep#oi»onK, tikeh Having
n boadimg surface f^x^a of o«i« «;?^.ar« inch^ ^«re u.»od for
tb<i t^iti. Ho^Biij rather t\imn ^uiur#y opociment mort
tterod i» order t^ @li^ifu^t« the point ^tro«sioe m% tHo
eorn^r« of s^iuare irpisoi»«>na» OXoibo attaintion wan pftid
to th« i»aohi«iaf of #11 ®ptoi!9a»»»
Tim first dots «N>r» oono«rRe«l with tbo effoot
of ^#0&»»l0al surfaoo trOi£»,lm*^at on l^ncl &tr«tigt^* '%•©**
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^* JUmUL ^ iB im 0x0m ^•ii:ro««%«r for 100 r«vo^
ittUcmt* unliig aluniiMMi oii4«« tlML» ••tlNMl «f
alMMilom ««• ft«l9fttedi ^«t»ae« it $^% titpt&dm^^
S« i^ffit^:^AgyaBJfci< jnfitlULA "* parttlliiiitiury flalt^ittg
iiiii«X down tsii'Qiif^ tripit s«f9 jfrn^^t, TimX
poHi^di^ w#» ^ft ^ 2.500 ir *» 4 B vtftttdioril pdl^^
lidtl*S43«<l pollflliiBg Hm* fhm i^ii filing ag«»%
van ft «^#mie #si4« iM»lutiM cKinniftti&ic et 30
fr#itt <if 1^ i^«4#r ii»i 10 ^ «f ft |HKr eviit fott
of «lll flaSffHi tli« 0t««t •^#l«i«tt« liftd A hii^
fttrl«« of %<$i3^tf« r'if ttr mmf &tm^$kTii%m%i^n tri«l«. It
««# d#«i4## t^ itsMi m tdlirimt <l«fr#aiH» follcminf tint «ii?«
f^0« pfir|^«Lrigitid» iMieftqiii* #f #a«« Ml i|H»«^ tif e^pllen^
ti^^ (;^}« fk% ^iMgy«« of €il#mi^i&«rt« i^a« a«t#imliMid hf
t^« «at«]r teaak t##t« It in eoiiiMia lm#»l#4lgi^ timt m
<ii##» ii«talXie «y^irfa€r« «ill i^i^port te^ #{>ifttiiiii0ii«i wat«f
•0V»




ImfitT* If tb« vat#r l$kft barealEs mnA aruii* aff IxTngO'*
l»slft ^« siirftteA rt^ttiret «Nir« eltamisg. h^^Wsm vat
t&e flXtt of #ili«jilir« WAS a|ipil4o4 1tJ|r ^Ij^ing
tits ]»fS|i«^rs4 mital ^urf^ee, at m^n mm it «r«» #!.#«« 9mA
Afft lain tlif lltuM ai^««iir«« Bm> pr^pi^ Tii>^cK>f(itf of
Hm a<l]^s«lir«, to glY# His iliiii|y«d film iM^knnm^ mmm
fjlitt liii# is bs%iiss» tuo JiHi ilt wilt Im tHiatiiftss n^i^rill
Is ^s liMlu^trlal pinistios* Th« 0ti»Miiftd drying md pt^^
euriim tins is 18 lKmrt» Fr«li«in#jrir i»v««tigfttio£i rt^
irssi#<i t^ l»r#s«&cs af vspor bub^lss in tH^ iuiimY«4 nia;
•ub»sqiU4mt cirring m^m mt^0mpl%9km4 iii « ifmmmm 4ssliHiAt^<
It is p«««ibXs thmt tliis j«iw>v»l. of tir^ ir^i>oiP^ sad 0x5^*
fsa iwm» tlie film sMiir iiiiir« ifitre^tiosd sjiol^sr vfirial^lsi^
h&mm^tf if mk&h w^m tits nase^ tl^sn tl^s r«iaris.bl« ^i^mi
iprsssmt if} mil applic-ntioBs (13« X§)* It is isip<irtaiit
tliJit tsiip#ratujrs Qnntrol "m ^mpl^f^ 4uwin$ tiis pfs^uirs
perlad^ ^ad that tus ailbssiire is u^t hsiiit<^ too rspidlir;
fttiisrvii^^ the surfmos porss olocis quioVXy, trstpplag
SHSlir«istt« asta ls«^i)9^ Im^^se m^. sonttaotioii enHtiss in








li«at«(S bra^tt plsttns, «M> »^«d for tb« eurlng opemtlon.
tli^ pX{^tdn@ art 4-^-'lnoli«8 equjpre «iid JlHnoti tUlck, ft«ilb
ooBt^ila a^ tl»9rjio««ter wsll and tiro 100'^^tt rhaostat***
oontrolXtd flnfsr he&tam* A sli«t&t of &9b«#to» Isoard
sup^jrat^ft ^&M platen ftom th« p;#es» l^t^m^ard shi»
stook «a» used til X«V6l tlie pXatang and to In^ur* «v»&
pxestur'9 di$till3utlon. I^o pf«&« 1& ideaXlf suited foy
tht appXic^tion*
th^ atpsols^Bt ir«re Intxaducsd to %h9 pYitts af'*^
ter tii« platens ^ad r»»0he4 miirliig t«fip«r»tiir«$ a better
prac^ui'ii migiit l^a^re t^t^^n to i»trotluce tlie &p«ciai«i&« wit&
the plat«iiss nt room t3mp@xatuxi» i^nd grsdoaXlir work up to
ouxltig t««p#r0tur«. Bowtv^^r, tlm« d4<i »ot ptrmlt moh a
pfa.Gtio«i sj)d tha TBinuXta fr»r« a0n®iitt#:xt wiUee using tlam
praon^u; a out! laed
«
thd bondiiig pi^oo«diir# U£ied wmt, ill i^MrUhl, »•
foXiow«)
I* Pip the pTi»p&x0^ baniiing gurfact of t}ie eX^im
and dTf tpeeisiens Into tbe liquid mdlieisiirfl. It
ll«« fouiMl adi^smt^«»QUs no jL-@«p tlie tot^X f^iidft
0O»t«nt Higli im order to miuimi»9 ml^i&nt «f*




: i.. JZ^:- L
so.
2. Drain t)i« surface ikonentarlly and e«t the disc
in a horliontal position with th« filn eurfaoa
upper-»tt09t.
3« AXXov flln to dry aa ifi8truct«d by the adhcelTe
MMnafaoturer. (Kii^teen hours for Texiollte.)
4* ll«^int&ln the platens at the euring temperature.
5, Introduce the assembled speoiaen into the pre as
«
being careful to «aintain aligniaent of the epeo-*
inen dieos throughout the eure.
6. Apply optimum presi^ure and temperature for the
optimuai time.
7* Release preeeture and reaove speeii^ita*
8. Cool epeoimens in the air and measure the glue
line thickness. (Final glue line thieknese must
be in the range .003*-. 006 inohes.)
From the standarditation runs it «as found that
temperature, preesure, axtC time srust be controlled
throughout the cure period in order to insure reproduc-
ible results. It is neeeeeary to determine experimsnt'-
ally the optimiK conditions for each nidheei^e.
'^e temperature eontrole the rate of cure, and
consequently, the time of cure. It was found that a
slight change in temperature iiaterially changes the









Apparatus used for Curing and Preseuye Studies,

32.
Appaxatue used for Cubing and Fr«««ure Studlts*

33
fasting was iiccompXi«hed la a Smitliwarlt 50,000
p9\ai6 uBlTffrsal testet hairing m ftccmracy of £ XO pounds.
th^ ciise 8P9el««iis m9T9 9wm mi9»T9 inGk la oonta^t «3r<»s^
iUiidi ••If'^Alignlng tension Jlg« w«r« Ufted to insujr® ailal
loading* iftor fullttro, tlio l»ro«k ims inopoeted rimi-^
ally i^EMl aicxo^eopioally. tht crltVirion of tost accept-'
onoo woo a f&lliuro partioXly or entirely in the adhosiTO.
Duting tho tostSt 1^^ A oingXo piroporly ourod, eloaa
•p>ooiaon gaTO faii%»ro entiroly at tho sotal Interfaoo.
ihilo tonalI« testing dooe not eYaluato all of
tHo i»ropoftlo« of Iho ad^oalYo^ it 4ooa glYo at piod aa
•valuation as any othot olngis toot ttothod, «Bd prsriouo






km^^ If^j4^tf^f,||^, ^ ,jff^ffiy« ,ft i (40, 43, 4S, 44)
of til* ntliNcr f««ltsii. Il2.lt Ma© gfireAg^ «M li«tliHis«
lilt itrii»f«§t a«4 «80«t r«t»|«%ijat boiiae of ali t&e ^t3P*
ygjttoiit^ • |.« a. 3ml^fe#ir basi« pj^#mlie rest©
««li#i4.9# isamifiiolutti W ^««api^ il#«t?lt« O^ii^iiiif , It
Heated pw^m fm iU%0m$ ii4i^t«« #% m^ pBi* In m^i^
ii#.n$ w«r« nm utlag *f#x,l^Xi'l«^. Hit data, mrt in
%iiM## i*i, iE0Jlti.i4ifii, lnjiMlty *%« mot oontr^ll^ m*
,j^.;














Gur* Ps^»»U3Pf( 300 p«i
Ciar«9 TlMi 15 »l]»tt««
lyp* of Mttal »13xi atMl
yfitf^* ^^yygtjfc
SttrftuMi 1 2 3





AT«rag»i 2400 2555 2490
Analjvis of Tftrtano* (20}« 511dl« rule a««iir«ojr*
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37.
•ft t«bl« X %hmi tli«re l® no slgfiif ioiitit Yari^UoB
b^twa^n t&« tf«v«TaX eot)ciltlo»t of «iirfae« tsTrDaTR--
tlon. AS IiMBif &• the ^uyfiMi* i« el^m the »«oitiu»-
loai surface tr«ittiMrst dti«is Bot appta.r to b« impor-
tant. Thill d0@it not sFl^r to poorly fittt6 matm»mB
or to turfaceii ..Vyr-.df'>ii to the oxtottt that ilmr* «t«
point a of contact b^stwoe^ia the projectloiii^ of ti©
•uirfa.000 that HbTO oapmi^lo of i^tre^iiR eo»o«atratioft«#
Aa atteajt Wii© Mass^@ to Mtix^f th« «ff«0t of
oubIlift«4 ftot^l tilm& on tlio strengtb of boai* ik»w--
or0r» th# fsklXurd ocourrod in t^o boml botvots ttio
ourf^oo ttftd tl^o iiMMIii«4 atotal filii, «^ tbud th«
iro«uXts wore «i«iiiiisgle«».
no




















Ottrt I'mssfiJir* mo pmt
Out* flM« If iftii»it*«










^mm Im ao itgnlfleiuit T#yiiittl0ii villi ••^lukitlcial tur^
«l4MMi iMAd ft«« fr^w 4itt* fifcit i« tiwatiiar;r %o tlMi p<i^p«
igLnmf4. fw^m %ii« ^aetlCNi of ««ii^iig oy slstiuliiif Umi
«ii^fiiNi in viNitt im nlmm il» «iia i»«|imflititM %» «»§
fli« wKtai «tttfa0« m* m% im^i^ wb l^aif $m umini it
%# 1^ m& ti^n^wie^ ®i«4isii»f * ll#iir«frtiir« f^t mmy i#|$ii«»
&iM^ mA 'ilMiiiUl 'Hii ttMiiilafiii
MOINIf* (14) I^Vldlllf IVltH gi«MRff «|NMliMINl-» fliit att«ip>it«
lit f##t flmi ttilftl aotftiMi* m^ ^wftttM^iwm in niituY*



























fi^m- * \jy<^U ^f^'
•*?:vT
M.
•lMwrv#<l in %iMi0 % nlMm tut 3 S 4I«Mtl«iMi <IUit* «ir« &»»
toniiih; t««t w«« ii«#4 •• tlHi erit#rldA of <>X»idaill»«iie«
tt4l^eftiir«rg hm^0 m fr*mt«r Qifflnltr f9ir isnm mmt^l tHnm
«iMftt ir^iifi'^.%lcm f0i* tut 1^ir## iiNitiiJ.« ttir1^i>4 #ii a i**^?
iroi tin« ,xt « iWMI» «i






exempt foT %h% Bm^i^l tFnatiMmt* l^ia ifiAtiid tr««t«
lMi^« iHftiiitiiiii*4 nt a t«iip#ymtMir# of IM dogroon f , lot
* ^fi@4 of flv* Ml^atoo* Hio o<Mi|»ooition of ilio olo»»«»
lim lloHi «mo #• follomil
^kfl ktfl aodiaai $ul|^o»«it# 0.4 omiooo
fip %ttot 1*0 ioIl«ii
Uam4tm%iilf iiftoir i^^noiriisig frcm 1^# oioiMittif
«iirfiioo# «r,ii«iRl»odi foi* 4l«-H9ontlauitf of the wmtrnw iilm*
If tm ^ot€T filn i^.# 4it.t««NR%iiiuHmo, tuo iNfirio tmtt
a#tfcizi iiBstort^o^ la l^o olooaiim ^t%« »« oiNioifioi oImivo,
iiaA fiiiii«i^« ftto ^Xt^MnlBi oHfei fimoiBg niMi ro|Ni«%oii ^ittit
^O irg:t«r fil^
-«ili^tti|]IO^ lift ^OH^DHit^t
fii« |iti^t« wiU'O tiMm l«mi^ooi lA Hio ^t^mlo
ftoia %«l^, ii«i«(tal»## »t ft toiipofstute of 140 ^ IfO
ioftooo f * for m ^ofio4 of ^lurot ulimtoi. flH» iSiiNiii**^
ltioi% of tlkt i^»f«Ni^t ooii iNi^ imo ao i^llo«roi
Objfoiftio ^14 S iNftt oodt bf im%0^%
ti# tmt«^ 05 l^of mmt If tiol#t
INKtio iroiro irliioo4 lit 4i«till#i wm^m mM #^loi»
Ci«*1 um^
1^-













a]M«i.«Mii \ n $ 4
tl^•*t»«l^tl























cmMdlMdl I i i 4
tttalaMAti fitgjiiif. .,^..., ,,,„»^kMm,^.m.«^ ."filiilMil llii,ltfiiii;t
3»0T






it it^iwM im •^\t
wl^
.1^
u uaa AUK?AC £is!4i-^^
JtMMi4M>« Horn ^^ O^Ii^Qiti
. -^nmo v$ rtlman
47.
t^m ^b4t4 ii41i««iir« lAT^fitlg&itil Haft 1di« tr»d#
mmm *li«4tix^, M l» a liquid i^avauisaftlBf f«(»is d«*»
•ifo«4 for tooMing iatttal'^t9*«Mita3l mA ii«tft|.«'to«*«(i04l»
flil» is « tJlitiKiXi© -^I^ teiMs a^Ji«»iif# with « tllirl
resin a4aea« It ts^uires ^€$ uit# otf iu% ««ldi catalyst
in tii« form of a st^^Xe^ white granular powdsr ftaoii**
favttitsd iir tii« i^«siiioii0 Fr#4uet« and Olbaniaal ^emptrnf^
Ooa of ths graatest limitations is its storaga pit^^pmr^
tiss. ths litmi^^ '^#4ui:, mamt l»a r#frlg45ritt«4^ a»S iMka a
mMximm stars^a Mf« <»f al^ut t»va la^siHii.








fjn^ 0f «#tiixi liM
dolUffH M«x«i«i
IX ,.flftl II.. .If ,^lffliUi
















4-,**^ T ' r ^: ^a. (^-fi^-f 9fti^ V'''- nr ^1. ^ i ^ »• Y j>. 17 -^ 'I •^<^ ^*^ ^ (Vb fn ||V
i0.
mmnm tnm
OiMi of tm iui)«ft pTobl«it«t in t^« m«tt of ad^
«i*Xt$, nr«m i^tte t«,p#ri#n#«4 j^raontatl, tlit l.#iig!^
ti}a« af drri»i ^^ pir#imy« i^jr4iv#fit« tMi» ii.im» 0f «il^«lviii
in iiwi.a|r ««tml-t#'^«%#l ^w^in§ mpplX^m^mB* fhm 0lim^
iW(k%i^u i>f th%m %im ^f^ratl^mn wo^M #it«lid tt4%^ii¥«
iMiMii^ tn «i^f mmt0 mptii$m,%%.^nB,
|#li#ir, <iliii|jftiit«^ Ii?jl4mp*»llm« tt^ltliif ftm. tit |i##^it#
In tilt gUmut #f mt mw% %i« lapftpMititii ^f
kgm%^^ Cii)# te«t^ #f tiMi t«mtll0 fsitoiti pr^#i ii9Bti«t*
l«fm@t#ff %0#i^«# tilt fl^«t# tltii#r ifiiip#tf4ii t## iiili
mm^^ t«-^t#4 mm iiitm mw^^* ^«t mm^^t^ mii^^^^mm
plaatl0 pnpmtn U-i,, :I8» 4?K Hit «^#t «Ki#t#iissfyil at*

pUftftltai^* v*r« vltH itiieaX«fia«7ed U«i»uft ptikpat iMMriif
^mAmklf pax$ «#llta0<i« fib«ys* iir^ th«ii trouble
«%• •j(perl#ii0i»d with jidJb«slTe« tovlBg a low IH bt0«U6«
toTllir l»pxfgfiat«<l with ll«dta» OroX«>««ld^ «jid l^ll^liond*
Ttiitwft •x!>ttri»iii%iiX |!iipr«f&at«<l filft» if#t« ttt«t«4» ^nd
fllii tlMk% it tt0w i£i pil€kt plant pirodnetiofi. i^l» fiX»
i« *F«n»ae«X iXSaS"^, »«yftiiur^etiire«! lo^y tilt iMUiitrlal fa|>«
Gorp<jirat.ton. l^ft^r »ta^yi»i;t tll# iStroiNiftl^ft of t^^stf
fil««^ it «»» e0»^Xti4«4. tltsit filmn ptoiPftrXy «#Xect^<l
eouX^ 1^41 nm^ fm $mn% in^striaX ai^ppXiciati&tis* i^w«
•v«y» a^t i^XX iiaii«ftiT#e X#M tli«ii»«Xt«» to tht f^iniB^^
tioa of lai^Tt|^tii4 fiXii«« Uiidfiir muSk eiroiis0t««fi«« it
iteiiXi b# f##ail»X» to u«« iliritd fiXa* 0f ili« a4^»iir«
«• i» **Fft»iiJM»«X XB;^'^4 M^«»V#rp tli«iN» fiXie#^ )mX««« «Ji«*
tr«ft«Xr 1^lB« aar« m^wn 1esrittX« t^an ispr^ipi^tiid flXms*
fk9 mm^X%M of t#«t» U44ai ^ii^rtwMtftX flXmii ar«» 1»




fli# <»iep«rl««iitiil film wmm muM k^ (mtMvrgifkf
id^«0t« 9f thin ti^smit pmp^w in « oostnin^r of tt#ilitMii
^ «t on* houx pi»y40«S, f®T ^jr^imlnf «iiiil dTfim$ hmtnwt eat"
%itii( 1^« film te «lt# i(f»l i»»liiiif tilt iMs»iNMl4i#« for mix^












« 1" ,1 »<»























•dli««iYt mumfmn^^^m by «Im 3<i4»4ytt«r 7iY« and ilulilMit
c^iiir'^ii Ma^it^ mwmB mM ml'itmM^ tM, ttK 4t #«m




. nf n'ffc. ..5.
^- • 't 13 »»CY^ ©i*Y
ffn/fiir rf.-: t-
.»\ f Av?!







































fhn dmtii fOT i«ipr»t|Afttt<l titmi* p9^r filmtt »rc
B«ilux 411
tl^« i«|>r0iiMfit«€ filai f«ir« pioi t»0!i^ utrtngtli for f»dr»«:i
ii«t<Nsl tia^« PN^«r ftlaf«9 iJid undi^ istti^ cir<^9i»lNi(aiK««
drf filii« of 'Hill ii<llit«tiY« tsiisilftir to ^tifna^e^l. lif^ ««» )a«^
$mm pmmtn (»oui4 not !»« i8i|iri»giiatM b«^iiigi
•fkfc







'•^«'l»lk f .^Vp! . :. f^Wt^gTH
X«iii«A -X .. ^mi.^^ A^^ raMK|l#iqsi t^
tt^fMf i itt bUf^dii fffAMVM- *5n*t!!miX^ST2«
a^m "s-^.- ,,_^4| gipc^
'4, 113-^'S^j^
•^^ots**^! AS 119/j 0* ^« iimt a^ea 9JI*
•^-:...r.H*;-f»;j-^^i:-5 Uf^im -fv. 'nf*« ^^^
ftiMMiIlt^ ••f^tC'.T.t • bXi« »^c**





Our* PT09mtt<b 300 p«l
Cur« TliMi M Wlmtt^il
lil««^iialoal rinlji^ fiili fiisiili
ffpt of Uttttt^ «iM «t#«l
fiii0iuM4i# 0f Out l«#ir«r of
riiji thT#t mils












































MFr^ii %h€ dstm in tj&bl^s 5, B. mad 11 it vcmld
fllifi bonding ^«fi it 1ft in llc^ul<$ bciMiai^, i^isi ti
INNNittftc tht licmi<t r«salt« in a «&»liiiif iittlor. on th#
•itrface •
n%t»Xni^ uritlsi '^4t%^llm* in l;«il}>i# il ii n 4^iMi|e«i mt«
t««ii«Hm% #f tiM iMitettiTt In tii«i #tji»M«iiiiN« fite 4#»
i^t4i ti^e r^itotion im iFt$t«lstilitr ^ %^ iMitai mxtfmm
Hxf tfet *<iri-*fiifw* fliit is spiwireallf th# r^»^3.t ^f nl-
«iiiet>ii ftls. Al^o <»f impnyiai&et it %tm f&0% thmt irim#
*4Uri«fila'* appr^nin^liXy i^«Nliioft« tUtt mmt^t m^ttmHlitf^ it
l«tf«7 «st«iit* tliit ti^diiiiix^a a ^©imt tli#t it nkppi^^
tmtl^r not f«4iXi$«d In iiHitiatry* Tii<9 p^int li$ that «
)ittl»f ^fiterlon of imrf^o* ^o^ltioisii^ tpouin 1»« 1^
4«gjrft« of Kolir^nt «a^ 3^cl&#«|v« wettftMlliy r^tliet than
\h% w»t«r wetlis.fei'iity (IS).* fhi« if «lti^«r» hmm W tb«
fs0i Hint tU$ wm%m ^t^t t«sf iiii3^ Hkm m^m%me% mgXi$
t«»t %»^1Pi indiestft i^m% i^% ^t$mm$iliff&n film l& n
p^<3ft boadiDf ^arfaa#« ytt it fiirtt iix.t«lieat 7#«uit««
fttm taM# li tli« T^^ttotiom %m «tr«'0gtti of
f#iiia0«X Xil^ «tte'jr fsur nomtliii ttarftg# wni m^u% 10 ^#r
©#ait* fiii» mm^ f#aw4 a#tpit# tfci# l.#^l: #f ^iHi«i«l St©*-
%^f •!?<•'*«
•5:j f^:^10
«Ya#ii fwer.^^r?> Yr «iijiX •?!? •tJurt^b teir«) tav ulifr •#ff»«
of ]^«f^idu«i lfiir9Btlf«itl<m» (Xl^f 311)
•
•urf^oe film wfe«rt tti« ^NHat<» in plir«io»l proptrtl** «f
ftta.«« Till $ iff m mm9f mmVs^ tf #l#tmimf fw liiktftlf't i^»%i«
li^#«tliiiti0il lO.^^ mm^ Xim^* fhft aitl^a e^^amt mil
wlHi 9li«ii«iiS 4i3.#«^iR^ iMi m^n fttm %mh%0 U ani h^m mmf
^m tt^rg^ w«.t in f!«t in#iai« 0ii^lmi!f% 4mirl»i
tli# ifliittf moiit^iB i^«m tikt feurtilt? •«i^.t %m^ .«i fiMi
t«g^tr«tmrt ##!### m^rt tl^ntii JUI^e*




Corrslation of Teaeilft Strength and Ttlm Thickness.
.••emfoli^T wT^'^ '•'^^ ^-^ -w^*^' "^^ r-oitaXr*
63.
0«ft»ld«r«t>ly mttrn 4m%A metn^ 0oii««lr64 durliif
lA nil. Only tet» hariar a4tt«% lM«fixMr <^ ^^« y««cat«
i. ^




It i fit reoogpistea tiunt «;uri«^« pirop«xtl«« li«v#
iMlli#f«iiie« to a n^lMmi^mXlf ^•m^ tm^f^ot api^^irti td Im
tt«r« A fiiaetian !»f tli# r«liitiimitklp b«tfNi«» tlitt »«tlY*
grmit)* 9» tli« iffidX«mil«» of tiMi iid^««ii^« m4 tl»« iiiffa««
tYUatiMiit* fhie ean umlr ^« ir#7lfie4 W t^ «a«0«»ftiT«
file fftot ttet !»&»% «if>X#^^It»f'lr agi»^«i«t9<l eii^#tiiiMHi«
e<nit»ici Uf^timfl or reliit«4 groups l««i« to th« e0fit0l.u@«
lo» tbat %Mn tfp9 of bdii^ nny pX^j nji lisftox'tttiit p^¥t in
t^« 1*^1^ of 00li«84ir» iiid «t^»«l'rii ^mmmmm m^ 9%i% elf*
t9t fttm metnl t0 iMitiil* f«ii»ll« t««tiiN| 9M sumlf^m 0f
irfttiftiio« w^tn U9ti t0 »«««iur« t^« »igi5lfiGiM!ie6 of ^t
ir«jrli^bl«$ &tu^\94 &L% ^# 9 |»#t o#]it i^f9baMIit|r le?«X«
%• fe««itidtty w^:t 0#mtf#Xliia i>i5lf ^ft ^t fir^t tfer#«
t«»t«. 7«ii l^diittriisl ^:^l»«iiilt«« 4«ir@ldp«^ during m
•iiM>« %tl4 W«ir II 1l«ir(l lltlt^i#{|., 9%M of n^i^li #3r« ir#«
pvtttt^^ %n tfe« d»ta. 1%« i^?€t|>»irfttlaa »m1 ?t«« of laiprsf^
ltiit«4 f llii# imjF itl.«0 stttil#il« 0f %li# iatpn^pifttiii fllttft
tt*t«ii!^ 0it6in^wf ii»©al«»#«?M ti»«^« ff»^#t i«ir# %h9 ^n%
t^mkltB* kXl t#$t ^,at« ^iriis«iit«d 0» tlM» ««# of i^^^ref**'





f#ir# i^»«tt«bly, jretult Im lost of stt#£^^ «t fUt «4li«»*
ftBm tiiio^«ir tlirft flX» t^« »limmt 1^« 4f|r »ii«t b«$ iHt op*
llmMi 1» * itlm jms* smfficl^ntly tiiic^v t?i i^r«ir©ist a
8* llol4t ii^0 natliig ims'fa'e^ft: in proper po«itioi^»
0«fa#r4«^ df %li« iid^«iiiv« f^ilowtd b? fXnwlmf
It %>«tir«e«t tli« »9itli^ imirfib«#« by OAplllarr action r^'^
mX%» in m 8oii**p»t^&« j0li»t*
#:r%i#« of tli:# ii^.t«iiiab tf.p#i- 0f ^#M0iiX and: imir&«iii##X
eX««a »rm ff#« fr^a Mt% s^m^ ^tvi^mm* Ct) ^ «t«elfl9





f*T»r •* ^- ' +
• tattoi tttioToc










ptkt%^ m^'i employ%d iiiiiirii»t4if«mi«lr in Induntriiki. mpf^li^B*-
%1q^ii», (4) fX»m9 el#iiaiim muf h% nmti to ft«tl«faotorll]r
0lo«iiiflf nfttf liftft iadu«t?i«il {»o«t$lbillti#i»« (S) B^M
•tjr«iimtli di«)lnjtgh«e ^» filss tMc^n^si^ laore^^ts. (3) Hio
crltryloii of el«»ali»a»i^^ »lioul.4l bo iN^bs^elYO ana ooJUroat
fli« r»4uoti€^n In tontilo utr^mgtli olioo u«|tif
esi'ti^r fiXft iftilli««ilir#e at eompKiiyred to Hio mmm o4li#iiiiP«
in tho li^^ttid form!




fbe r<i^^cti0nt in ttroiigtlx of tli# films %ftor
torago ^Toi
Typo of lt#B:^^th of l*tr etiit ro4iiotios
Bo^UJi $ HOOitliio 9*5
I'orm^eol iSfS # niStlio 10.0
0^
7.V .t;.'V- i > *,/!.» ;vT,># T'?*; r-fin'-'»,*5j>
4 a^
•> J. > ... -«. .*
.
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1. ikdianft, if* S.f "Thtt Plqr»le0 ftad GfewwistaT- of 3\trf««••**»
Oxford Univttrtltx Pt*e«i» latiAcm (193B},
2. klmm.fi&9rt J., "Colloid Chftiaistyy* , Vol. 3, Hi* ObMr
iMtl GmiMlmg Go«, Xn^., Hev Iork» ^* t» (193X)»
3* Al«mnl«p, J.* *Colloia ChvAlstrT**, Vol. 6t l^lnhold
FubXitfhlng Co., Hew Tork (1946),
4* Antrlo&n Soeiotjr for Tsstlng MRt«riAlii» Coopiitte^ D^l4f
"gywpoiiiiMi on Mhftnlven*', Oet* 10, 1945*
5* Bii^ilim, H* H«t Head^m Flftdtica, 3£, 44 (1941).
4. Blgelov, ^. H.» lbld» ]i^, 64 (1942),
7. BlkoTMus, J, J* 9 **Tlit fteiiawintftl« of l^okint** luod
A4lMiel<m**, Jovtraul Colloldi Solssioo £» 163*17^ (1947).
S* Biksrwmt J* J«t **5ti*eagth tkM fhijiamtm oif Mbesires^f
J. Soo. Ohm. tng.t |g» 23 (1941}
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,
Bio«etrl0«, l^ m. Ip 22 (1947) •
10* Crocxton, F» E« luii Co«i#a« 0* J*, "Applied den^^ral
St&tl»tle»*, i¥eatieo-H«in, Ifew Icark, »• T. (1945).
11. Cloeo, 0» e,, tm. Finishing, H, m. 10, 24-8 (1945).
12. DoBnayao, I, A., *f1g« Strtagth of Oloed JToinift'*, Alr-
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IXi^.^r.
^U*fdl ti Mit»l«a hi:oXXoD Imhmfl ,*an>»MiffcA
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i3« D«BrujMi» 8« A«» **T1m Fiqrsles of MJkMilwx*^ J. Scl*^
•ntlflo Iii»tr«MMil«» |i» 2^35 (X94t)*
X4« Dtfiru/iM^ H* A«t **7lM iatiir* of AdlMisi^*'* Alr«reft
lii«lii«Mr» a£t 51-54 (1939).
15* D*ltfontii» J«9 *'7Si» f*«)biiold|gr of A4Jit»lv»«*' # HoltteXA
FtfbUaliiiiff Co«» lb« Torkt H. I. (1947)*
14. DolMQiit** J», **i:ff»<rts of Solvents for SqUA Orfi^Ale
FlMtlcs", Xndl. Xinr* O^mi*. 3j|^, 7^4 (I942)«
X?« Donit B* M.» and tooaurd^oiiosy J* £•» **Coh»«lois at a
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Variaaoa*, Bioaiatrlaa, i Ho. X, X-21 (X947).
ax. Flajana« IC», ''OlaMMidaal Foreaa and Optloal Fropertlaa of
^ubtianaaa", iioaravElll Book Co*» Hbw fork, H* ¥» (X93X)«
22. Qantuit^ A,, lad* aai Eng, Clwwa., ^^ X233 (1939).
23. GoXand, «•, «uad Kelaanar, £•« *Str«aa Amlyal***, J#
Ap|>liod Mvolmnloa, U-A*1T (l&r«li X944).
24» HmuIv J., ISotal fUiBhin^^ 4^, 946 (1945).
25* Huaphnor, F* ll»» (to ttld«»Stat« Gmmsd Fa^sar Qo«} 0. S*
2,019,010 (OotMjWf 29* 1933).
26. Ivanva, «• B., atjd tiarlakomkajra, V. I*, "Taat f«r
ilatal Claartlln«»a**> Siriilah C)*»«u Afostracta (1944).
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27 • KnuMbhMUTf 9*9 *TkMi fsmfttlim and D«Mittnwtlon of «
MUat fUa**, HlftohboXd Cimmlc&Xat Irkc.y Detroit,
Mloh. (193B}«
t6* aiBuLdon» T« W*» *^chaiqii«n for iBoadliig ttitur&l and
SyiAlMtle KBfcbw to M»t&Iii*, Plattloo {London) » IQ,
625-7 (1946),
29. ^^B»lA, J, 9., ot *I«t Hoporta l» 2 wadl 3 of tho Ad*
Imilviss aMMMuroh CoMnittoo» H* M* S* etatlomury of*
flM, k>»don (1922) (1926) (I932)«
30. HeXeren, A* D« ftsnd Hofrlolitor» C« H«9 Jr.t ^hoor^ of
Mtoslon of lji# PolyjBor**, 3^p«r tniio J»» igj, 19
(1947).
31* ttodom PX&atlos Eno^elopodla Vol. It FXustles C«t«*
logue Corp., S* t. (1947).
32. XbM, Vol. 2
33. aodora flastie*, |1 M». 5> 59-82 (1948),
34. Hooor, f,, •'iiKSft FuiidimoiiUls of QUmb MI»(i«ioii*', ASfH
aull«tin no, 150, (Jan. 1948).
35. Fauliiigt L., **Th» Hftture of the Clwiloal Bond**,
Cornell yjilvftrslty Press (1939).
36. FoIotlkBk, ii. v., Curtlji fright Corporation, Airplnao
Division, llo0eii.reh Uborfttory, lio«o«roh Htsioraad^n No.
55-20 (Bept. 1942).
3T. I^oUtilQi, N. V* and Hudwiy, D. C, ibl4, R«pwt Ifo.




38. RMNni» J« ¥b9 (to )Copp«rs Co*} *M}mBim CuttUt
39« Siiiitair, R* C* end KXUmt 0, il», "Survey of ;^>^h»«iv««
And Ad)i«»ioe*» Witisiiiia i^^vliiixrr Ci»Bmltt«« on A«ro»
«Mitio« fmth* lipart !»• 9^9 i^m* X945)*
40. itoviit ^-t **Mlm»irem for Utttilo cms No£t<»9i»tft3ji*»
Itetftl* luMl ikXXoy«i ggt 959 (1944}.
41* SiMmiMurtt tt» A*« *StAtl«tlaftl Hethodtf <^ fsron tlie Vltv*
of the l)«p»rtM»»t of A^;rleultur« (I939}«
42* i^it^h, Lm ^* fmi ^k»ri%»ii«r0n» J.» **j9ii3liig of .^lotnlv**!
Aircraft i:afln««riH|r (wwadoii) ii;, 54 (1944)»
43* BoKUkg^ JU* A« ft»£ liortont A« <J«'» l£i«l« &9f» €l90ii«» 2|,t
1114 (1935).
44* Bmymm^ B» l.»t ••AdIWMilvo * Wmimm Tool of F&brlcfitloa**,
8.A.i. JouraAl, 5i» 12-lt (19*6).
45. M«grl, i., *fi»orfrUoftl Sftgis of Adi*»«io»*, ASTU ?ro«
oo«d.lngo, i|4, 1516 (1946)*
44. i^lMing, C* G* ftojl %jieh«»« R. L,, "Flitiitics, Thoory
and PFaotloo*, lteC^M«KEiU l*ubii«liiag C©«, (194T)«
47. glftglfer, F, F* A«3 Hoeglionfl, S. C,, (to K»«dftli Co»)t





" s -»u, fj...
TO.
A»9ilyiklii »f VjijriiMEUJc offtr« ioluttona fdT two
Irlmlt df piPul^XiNMit
of 0bj»9tii (iiMQi0«r:^€d. in other ^rords^ it iflt
tli«t 1«, It iN^n ^m iiKdd to #fitlmatt th«^ mmpmh^
m^tn of iriiTl^B0«*
1. T<i perform ttt@t« of iilimifi0iMNNi*
$• f0 p^t^attm #ttii^t«fi( &f tir«mtsi#i^t aiffttei^ettir
3» % iS«t®T»ili# tli# #«euT%0f of 4ittiai*l«t tjf i^t-^
H* f}i« trtntiiHint niul
€imir0iHMMit»l #ff#et« m«t }sm
!• 11i# #xi3«ni^satia #irir#tt ffi»i«t nil Imi IMsp^iitii^t^
ttimt«<l*











Utokf inv«»tli«i»r« li»v« polfit#« mt that no
ift %li« tiffdnQimtt l«v«l« of th0 f or two-tiMX©a t tt-^t
billtr Xirrvl i» Ui#di tlit4»iiilM;>ut«
Till 13 mttt d«md»«tXAt«t th$ g«ni»rs^l iMl^pXlimblJLitf
of «t»%l«%l0al «n^l]r»l« to i>7obX«Sj» In cl:t««i^fid t»«titif •
fli# llmlt^il^^r. df tima for t#fttinf wtiis 0UO& that it «»«
B#e««««r3r tt> u#« «t«tti#tie#I iiii#l:rile» on tli# «lmt«i* A
«ii^l« %pplie^lsion Qt tfe« a»«d|r^i« of ^mrian«« If. wtll
«diipt«di to t^e p^Ttlotsiajr cjarol&liwi* Ormj^ie^X «^Bi&Xfiiii
irouXdi l%«iir« r«quir«4 t^« r)»ml»g of m wm^ |pr«iit«¥ M«ts^
of BmmpXm9. fls^ memlr^lm of TatiiMttot »»# soXootod as tao
««iMB8 of |^x»o«etJtli^ tho dAt# boe^uto it pafo-rldea a )»«#lo
foir lUMdrtinf ft MMtMrr of ir«iriabits si^itiiiltimtoiioX^. thi$
V4S:Tyi«ig co2Mlitioi3s» tli« »#« of Tari«aico iixmXy«i«i it ooa-
tifiioiit upon ^0 e««|^Xo« Mtttf frois & »or9taX ^lftt:ribu.tloii*
fi&0 '^m9lf»im of ir«jrl#jao« is mt up for ST 00^44**
tioiit witl^ i irnn^oiH »p#oiiROEs t<it 4i«<^ of tho K eot^^ltionn.
fHo vsijrla.l»Xoi w«re riJtB4o«i«tv! W fX^i*^ «<^^ of tho ©aiSpXoo
of til© e*p«rl«o»t »n nims^ opp^^^^^ttf of Umln^ n^t pms^
tto^^Xi^r -r^ila^ 0f tke' mMomlit't^ rati^iMo mttoolnt^d tritli
it* fh^ v«turijyio« iai











llMurrfti^^lnf and ^xptoAinm wlMre Xk » Xk » Mlum
T(X1 • 3t)* - 2 ^ ( (XI * X3c) (Xk - X) )
9Sdi - Xk)* (Xk • X)* 2 oro«« |xrodu«t
Za aro»» prodwit • « Jxi Xk-XlX-Xk XkX
• 2 ScZ'xi - 2 X2'XI • 2 ific 2 Slfic
2 Xk23£l - 2 X2Xi •2JKk2Si:*2X2
© O Of xm9
Thus
1. I S^2
f;|;(xi - X)* m^ 2 1^ • ^)* (^^ • ^J
« ii 5.2
-XS3Ci-&) 2 2(5&t-X)
o o o o
•^ |<xi - Bc)^ f If ca • X)' .
*SlncMi X fcr eaeh eolinm In c<»»tft»t thr<nigh H for eftoh K eonSltloa*
First 8\itt throti^h K aad then through tk* !!*••
.ST
•Q^J.^Yi'ynW^
i U " iLx) (t. " n) )§ ;g« U - ixK N
^ (5' (To
ti/xUffWt fiao*ra t # •(5 " iOi) * ^{^1 - 1X>:
X -r« iK - I t:
¥
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